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Objective: To study the safety and efficacy of a cholinesterase inhibitor, donepezil hydrochloride, for the
treatment of dementia in Parkinson’s disease (PD).
Methods: This was a randomised double blind, placebo controlled, crossover study in 22 subjects with PD
and dementia. Participants were randomised to receive either donepezil followed by identical placebo, or
placebo followed by donepezil. Donepezil was administered at 5–10 mg/day. Treatment periods were
10 weeks with a washout period of 6 weeks between the two periods. The primary outcome measure was
the Alzheimer’s Disease Assessment Scale Cognitive Subscale (ADAScog).
Results: Donepezil was well tolerated and most adverse events were mild. There was no worsening of PD
symptoms as measured by the total or motor sections of the Unified Parkinson’s Disease Rating Scale.
There was a 1.9 point trend toward better scores on the ADAScog on treatment compared with placebo
that was not statistically significant. The secondary cognitive measures showed a statistically significant
2 point benefit on the Mini Mental Status Examination and no change on the Mattis Dementia Rating Scale
(MDRS). The Clinical Global Impression of Change (CGI) showed a significant 0.37 point improvement on
donepezil. No improvement was observed on the MDRS or the Brief Psychiatric Rating Scale. Carryover
between treatment periods was observed but was not statistically significant.
Conclusions: Donepezil was well tolerated and did not worsen PD. There may be a modest benefit on
aspects of cognitive function. The possible clinical benefit measured by CGI was reflected in only one of the
cognitive scales used in this study.

P
arkinson’s disease (PD) is the second most common
adult onset neurodegenerative disorder after Alzheimer’s
disease (AD).1 PD is defined by the asymmetrical motor

manifestations of rigidity, rest tremor, and bradykinesia.2 The
cognitive and behavioural features are relatively less well
characterised than the motor manifestations, but are increas-
ingly recognised as a source of disability. The incidence of
dementia over a spectrum of PD approaches 30% over a 3–4 year
period, and PD patients are significantly more likely to develop
dementia than controls.3 Older age and greater motor impair-
ment are associated with and increased risk for dementia.3 4

Dementia and comorbid behavioural symptoms such as
psychosis are important milestones in the progression of PD.
Dementia limits treatment for the motor features of PD and is
associated with loss of independence4 and increased mortal-
ity.5 6 Despite the importance of dementia in PD, few
therapeutic trials have been conducted in this area.
The pathological substrate of cognitive impairment in PD is

not fully understood. The phenotype of Parkinson’s dementia
is associated with alpha-synuclein staining and cortical Lewy
bodies, and may be pathologically indistinguishable from
dementia with Lewy bodies (DLB).7 8 As in AD, cholinergic
deficits in PD dementia have been observed in neuropatho-
logical and neuroimaging studies, and may account for some
of the cognitive impairment in PD. Pathology in PD brains
reveals extensive reduction in enzymes involved in the
synthesis and degradation of acetylcholine, choline acetyl-
transferase, and acetylcholinesterase, respectively.9 10

Imaging studies using positron emission tomography and
an acetyl cholinesterase ligand in PD patients have confirmed
the reduction of cholinergic activity in vivo.11 Reduction of
cholinergic activity in PD is thought to be secondary to cell

loss in the nucleus basalis of Meynert,12 13 and this
neuropathological finding is associated with the degree of
dementia.10 13 Similarly, levels of choline acetyltransferase
from post-mortem samples have been correlated with the
degree of dementia in PD.9 10

Donepezil (donepezil hydrochloride) is a well tolerated
acetylcholinesterase inhibitor that has been shown to
improve cognitive function and activities of daily living in
AD.14 15 Donepezil reduces the hydrolysis or degradation of
acetylcholine16 and may improve cognitive function in PD
through this mechanism. However, anticholinergic agents are
sometimes used to treat PD, and cholinergic agents have been
reported to worsen motor aspects of PD.17 Thus, the net effect
or benefit of cholinergic therapy for PD is uncertain and
warrants testing in a clinical trial. Two small, single centre
clinical trials in PD patients with dementia have shown
mixed results, with one study showing modest but statisti-
cally significant changes in the Mini Mental Status
Examination (MMSE) and the other showing no change in
the MMSE or other global cognitive scales.18 19 Here we report
the results of a double blind, randomised, placebo controlled,
crossover trial of donepezil in 22 subjects with PD and
dementia.

Abbreviations: AD, Alzheimer’s disease; ADAScog, Alzheimer’s
Disease Assessment Scale Cognitive Subscale; BPRS, Brief Psychiatric
Rating Scale; CGI, Clinical Global Impression of Change; CIBIC,
Clinicians’ Interview Based Impression of Change; DLB, dementia with
Lewy bodies; DSM IV, Diagnostic and statistical manual of mental
disorders, 4th ed; MDRS, Mattis Dementia Rating Scale; MMSE, Mini
Mental Status Examination; PD, Parkinson’s disease; UPDRS, Unified
Parkinson’s Disease Rating Scale
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METHODS
Organisation
The National Institute of Neurological Disorders and Stroke
(NINDS) Clinical Center was the coordinating centre. There
was an independent medical monitor from the University of
Pennsylvania. Donepezil was purchased from Pfizer. Identical
placebos were prepared by the University of Pennsylvania
Investigational Drug Services Unit, which also bottled and
distributed study drug. The study was funded by the NINDS
and the University of Pennsylvania.

Recruitment and randomisation
Recruitment of subjects was performed at the NINDS, Brown
University, The University of Pennsylvania, and
Northwestern University after each site obtained institutional
review board approval of the protocol and an informed
consent document from each subject. Inclusion criteria for
PD required that the subject be over 40 years of age and have
a clinical diagnosis of idiopathic PD defined as at least two of
three cardinal features of parkinsonism, with at least one
being tremor or rigidity, and a significant and sustained
response to dopaminergic medications.2 All diagnoses were
made by movement disorders specialists. Mild to moderately
demented patients were included if they fulfilled the
Diagnostic and statistical manual of mental disorders, 4th ed
(DSM IV) criteria for dementia and had a MMSE between 17
and 26, inclusive. In order to fulfil DSM IV criteria, the
subject must have had impairment in memory and one other
cognitive domain, usually executive dysfunction, causing
impairment in occupational or social functioning. This was
determined clinically, from the history provided by the
participant and caregiver, and neurological examination.
The dementia had to have developed at least 12 months
after the motor manifestations of PD to exclude patients with
clinically diagnosed DLB.7 Exclusion criteria were (a) alter-
native sources of dementia such as stroke or metabolic
disturbances; (b) pregnancy or lactation; (c) the use of
cholinergic or anticholinergic agents except amantadine or
tolterodine within the 2 weeks prior to screening; or (d)
medical conditions or uncontrolled psychosis that would, in
the judgement of the investigator, interfere with the safe
conduct of the study.

Study design
Fig 1 shows a schema of the study design. At the screening
visit, the nature, purpose, risks, and requirements of the
study were explained to potential participants. After discuss-
ing and signing the informed consent document, participants
had a complete history, physical and neurological examina-
tions, and MMSE to confirm the diagnosis of PD and
dementia. Blood was drawn for vitamin B12 levels, thyroid
function tests, and rapid plasma reagen test to exclude other
causes of dementia. Pre-menopausal subjects had a urine
pregnancy test. The baseline visit occurred within 1 week of
the screening visit and included all efficacy assessments.
Subjects were then randomised and study drug for the first
period was dispensed at the end of the baseline visit.
In the first period (from baseline to week 10) of this

crossover study, an investigator contacted the participant by
phone at week 4 to ask about side effects and tolerability. At
that time, the study drug was increased from 5 mg/day to
10 mg/day or matching placebo. If the higher dose was not
tolerated, the lower dose was continued. Safety and efficacy
evaluations were performed at weeks 7 and 10. An open label
washout occurred from weeks 10–16, during which the
subjects did not take any study drug. Study procedures were
identical in the second period (weeks 16–26), with a baseline
evaluation at week 16 followed by phone contact and

titration as tolerated at week 20, and study visits at weeks
23 and 26.

Intervention and randomisation
Study drug was dispensed as 5 mg capsules or matching
placebo, to be taken orally. Drug was taken once per day for
the 5 mg dose and twice a day for the 10 mg dose. Kits were
supplied for period 1 and then period 2 at the respective
baseline visits. Drug distribution to the sites and randomisa-
tion were performed by the University of Pennsylvania
Investigational Drug Services Unit. Subjects were randomised
in blocks of four to receive either donepezil in period I and
placebo in period II or placebo in period I and donepezil in
period II.

Outcomes
The primary outcome measure was the Alzheimer’s disease
Assessment Scale Cognitive Subscale (ADAScog).20 21 The
MMSE and Mattis Dementia Rating Scale (MDRS)22 were
secondary cognitive scales. Other efficacy measures included
the Clinical Global Impression of Change (CGI), and a
measure of psychosis, the Brief Psychiatric Rating Scale
(BPRS).23 Safety was assessed by questioning subjects at each
phone contact and visit for side effects and intercurrent
medical problems. The impact on motor function and
parkinsonism was measured by the Unified Parkinson’s
Disease Rating Scale (UPDRS).24

Subjects
screened
n = 28

Not
randomized
Not eligible
n = 4
Declined
n = 2

Randomized
n = 22

261 7 10 16 23

Week

Donepezil,
n = 10

Placebo,
n = 9

Donepezil,
n = 11,

2 dropouts

Placebo,
n = 11,

1 dropout

Figure 1 Study schema.

Table 1 Baseline scores and medication use

Characteristic

Donepezil/
placebo
(n = 9)

Placebo/
donepezil
(n = 10)

Age 75.0 (9.8) 72.1 (8.1)
M/F 9/0 6/4
ADAScog total 29.5 (13.5) 32.3 (9.5)
MMSE 23.1 (2.5) 21.4 (3.4)
Total UPDRS 64.9 (25.9) 65.8 (21.7)
Motor UPDRS 41.2 (17.4) 41.2 (17.6)
Duration of PD 7.1 (2.6) 14.4 (13.1)
Use of levodopa (+/2 COMT
inhibitor)

10 9

Use of dopamine agonsits 3 3
Use of selegiline 0 0
Use of neuroleptic
(quetiapine)

4 3

Values are mean (SD). ADAScog, Alzheimer’s disease rating scale,
cognitive scale (higher scores indicate more impairment); MDRS, Mattis
Dementia Rating Scale (lower scores worse); MMSE, Mini Mental Status
(lower scores worse); UPDRS, Unified Parkinson’s Disease Rating Scale
(higher scores worse). COMT, catechol-O-methyltransferase.
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Statistical considerations
The study was designed to have >80% power to detect a
4 point or greater difference between donepezil and placebo
on the ADAScog, requiring a sample size of 22 subjects.
Differences in the categorical variables between groups were
assessed using x2 or Fisher’s exact tests. To estimate the
treatment effect, the results of the two measurements for
each period (weeks 7 and 10 or weeks 23 and 26) were
averaged for each subject, and the difference between the
means on the two periods used as the combined outcome for
each subject. We then formed the mean treatment effect for
each sequence and compared the means of the two sequences
using a two sample t test for normally distributed variables.25

For non-normally distributed variables, a Wilcoxon rank sum
test was used to test for differences in the median responses
on the two treatments. The Hommel method, a modified
Bonferroni correction, was used to adjust the p values for
multiple testing associated with the five outcomes.26 To test
for carryover, the difference between weeks 16 and 1 was
constructed, and a two sample t test (Wilcoxon rank sum
test) was used to determine whether there were differences
between the means (medians) in the donepezil/placebo group
versus the placebo/donepezil group. For the primary outcome,
a secondary analysis was carried out by fitting a repeated
measures model that adjusted for both period and sequence
effects. Additionally, univariate regression analyses were
performed to assess the relationship between baseline
variables and the observed treatment effect on the primary
outcome. Missing data were imputed using the last observa-
tion carried forward. No imputation across periods was
performed, and participants had to have at least one visit in
the second period to be included in the efficacy analyses.
Data were analysed using STATA (version 7; College Station,
TX, USA) and R (version 2.0; Vienna, Austria) software.

RESULTS
There were 28 patients were screened, of whom 22 were
randomised to the order of administration from October 2001
to February 2003 (fig 1). At baseline, the two groups were
similar in age, UPDRS scores, and degree of cognitive
impairment on all three cognitive scales (table 1). Subjects
in the donepezil/placebo group had a shorter duration of PD:
7.1 (2.6) years compared with 14.4 (13.1) years on average
(p=0.09). Three subjects withdrew from the study during
the first period. These subjects were included in the safety
analysis but not in the efficacy analysis (n=19), because the
crossover requires data from both periods to be used in a

paired analysis. In the second period, two subjects discon-
tinued use of donepezil and one discontinued use of placebo,
but remained in the trial. These subjects were included in
efficacy analyses.

Efficacy analyses
The primary analysis showed a non-significant improvement
on the ADAScog on drug compared with placebo (fig 2,
table 2). Average (SE) scores on the ADAScog on donepezil
were 1.9 (1.4) points better (lower) than average scores on
placebo (p=0.18). MMSE scores were 2.0 (0.61) points
better (higher) on donepezil compared with placebo and this
reached statistical significance (p=0.0044). There was no
change on the MDRS or on the MDRS subsections of
attention, initiation/perseveration. The CGI showed signifi-
cant improvement in favour of donepezil (p=0.0056) and
there was no difference between treatment periods on the
BPRS (table 3). The observed benefits were not significantly
associated with age, sex, or duration of PD in univariate
analysis. Carryover effects in the same direction as treatment
effects were observed on the cognitive measures, but these
effects were not statistically significant (table 4). A repeated
measures model that considered each point individually
instead of averaging across weeks, and that, adjusted for both
period and sequence effects on the ADAScog, approached
statistical significance with a 1.9 (0.97) point improvement in
donepezil compared with placebo (p=0.055).

Safety and tolerabili ty analyses
The study drug was well tolerated and did not exacerbate PD
symptoms (table 5). In the first period, three subjects
withdrew from the study: two on donepezil (worsening
psychosis and worsening arrhythmia) and one on placebo
(worsening psychosis). In the second period, there were no
withdrawals, but two subjects discontinued use of donepezil
and one subject discontinued use of placebo. Overall
tolerability, defined as the proportion of subjects remaining
on study drug for the full period, was not significantly
different between donepezil and placebo (p=0.41). Adverse
effects were experienced by 11/21 (52%) subjects while on
donepezil and 9/20 (45%) subjects on placebo. Worsening
psychosis and agitation were the most common adverse
effects, and occurred with nearly equal frequency in the two
groups. In one subject, worsening visual hallucinations led to
discontinuation of study drug in the second period while on
placebo. There was no evident impact of treatment on total
UPDRS or on the motor section of the UPDRS.

DISCUSSION
In this study, donepezil had a modest effect on cognitive
function, primarily evident on the MMSE, and on overall
clinical impression, as measured by the CGI. The primary
outcome measure of this trial, the ADAScog, showed a trend
in favour of donepezil. There was no apparent benefit on the
MDRS. The effects on the MMSE and CGI remained
statistically significant after adjustment for the five efficacy
analyses. These results are consistent with those of Aarsland
et al, which showed a statistically significant 1.8 point MMSE
improvement on donepezil and a significant improvement on
the Clinicians’ Interview Based Impression of Change
(CIBIC).18 The improvement in CGI seen in this trial and on
the CIBIC in the Aarsland study argue for a small, but
clinically notable benefit that may not be fully captured by
cognitive scales.
The differences in results between the three cognitive

measures may be accounted for by several factors. Most
notably, the coefficient of variation (the ratio of the standard
deviation to the mean) was much larger for the ADAScog and
MDRS than for the MMSE. This may reflect the greater
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Figure 2 Change in ADAScog scores for both treatment sequences.

936 Ravina, Putt, Siderowf, et al

www.jnnp.com

http://jnnp.bmj.com


number of cognitive domains on the ADAScog and MDRS, or
simply more familiarity among the investigators with
administering the MMSE. There is no consensus on the most
appropriate cognitive rating scale for PD, which is why three
different ones were used. The ADAScog was used as the
primary outcome measure because it has been widely used in
AD and has been shown to be responsive to cholinesterase
inhibitors in AD and DLB.
While each cognitive scale measures several domains, there

are differences in emphasis. Our analysis showed that the
baseline scores on the ADAScog were moderately correlated
with both the MMSE and MDRS (0.5–0.7). This suggests that
the scales are measuring similar but not identical cognitive
factors. One possible explanation then for why the ADAScog
failed to pick up an effect of treatment is that it tends to
emphasise the cognitive domains of memory and lan-
guage,20 21 which may be more affected in AD than in PD.
Improvements seen on the MMSE were not, however,
attributable to any one subsection, such as those that focus
on frontal executive function, nor were there clear benefits
on the frontal executive subsection in the MDRS. Thus, we
were not able to identify a specific cognitive domain that was
preferentially improved by donepezil.
The MMSE was designed as a screening tool, and is

thought to have limited sensitivity to small changes, which
theoretically limits its usefulness in trials.27 However, in
practice, it is commonly used in trials for AD, PD and other
disorders because of its familiarity and ease of use.27 It is
somewhat surprising that it may have been more sensitive to
changes in cognitive function in this study than other
instruments that are specifically intended to measure change
to due interventions.
Some authors believe that donepezil improves attention

and behaviour rather than directly affecting memory.28

Change in behaviour and attention may be more readily
apparent to the patient and family than specific cognitive
changes. This may explain the finding of the clinical
impression of change in the face of modest results on
cognitive measures. One study in PD reported a selective
improvement in a memory subscale of the MDRS, but this
finding would not have been significant if correction had
been made for multiple comparisons.19 Studies in AD have

shown improvements in overt psychotic features and
hallucinations with cholinesterase inhibitors.29 We did not
observe any benefit on psychotic features of PD, although the
exclusion of severely psychotic patients may have limited the
range of responses.
Overall, donepezil was well tolerated (81%), and there was

no evidence that it worsened PD motor symptoms. Consistent
with previous trials, there was no evidence that donepezil
worsened the motor features of PD as measured by the
UPDRS total score or motor subscore.
The patients in this study and in two previous trials were

diagnosed with PD and mild to moderate dementia. It is
likely that this population included subjects who would meet
pathological criteria for DLB. Current criteria differentiate
these groups by certain clinical features. Unlike PD patients,
DLB patients develop cognitive impairment at the time of or
before motor manifestations.30 It is unclear if these subjects
represent different disease entities, or subsets of the same
disease that could be combined into one trial. Trials in DLB
patients with the cholinesterase inhibitor rivastigmine show
a similar magnitude of change on the MMSE (1.6 point
difference between groups).31 Demented PD patients are a
difficult population to recruit and retain in studies. The
common pathophysiology and potential for similar responses
to cholinergic agents suggests that combining demented PD
patients and DLB patients in a stratified study may be a more
efficient way to recruit for future trials.
There are two main methodological limitations to the

interpretation of these study results. Firstly, this was a small
study, and the three dropout patients reduced the study’s
initial power, inflating the potential for type 2 errors (false
negative rate). Thus, the trend seen in this trial might
indicate that treatment effects may really exist on the
ADAScog or other measures that were not statistically
significant in this study. This is a common problem with
small clinical trials, and may be addressed by pooling these
results with those of other published donepezil trials. As the
analysis was paired, it is unlikely that dropouts introduced
bias into the observed results, and the 14% dropout rate here
is not greater than those seen in other studies.18 32

The second limitation is the potential for carryover or
period effects to obscure the true treatment effects. This

Table 2 Efficacy results presented as mean values

Test
Mean scores on
treatment (SD)

Mean scores
on placebo (SD)

Treatment
effect (SE) p value

Adjusted
p value*

ADAScog 22.5 (6.9) 24.4 (9.4) 21.9 (1.4) 0.18 0.54
MMSE 24.5 (3.2) 22.5 (4.7) 2.0 (0.61) 0.0044 0.018
MDRS 108.3 (17.13) 108.5 (18.2) 20.2 (1.9) 0.98 0.98
MDRS attention 31.0 (5.1) 31.1(5.2)
MDRS initiative 25.9 (6.3) 25.5 (7.0)
CGI 3.58 (0.77) 3.95 (0.85) 20.37 (NA) 0.0056 0.022

ADAScog, Alzheimer’s disease rating scale, cognitive scale; MDRS, Mattis Dementia Rating Scale ; MMSE, Mini
Mental Status; CGI, Clinical Global Impression. *Adjusted for multiple comparisons using Hommel method.

Table 3 Efficacy results on BPRS and selected psychosis items

Scores on
treatment (SD)

Scores on
placebo (SD)

Treatment
effect (SE)

Adjusted
p value*

BPRS total 32.9 (9.6) 33.2 (7.9) 20.26 (1.8) 0.68 (0.98)
Hostility 1.5 (0.8) 1.4 (0.2) 0.1 (0.2) –
Suspiciousness 1.6 (1.2) 1.4 (0.9) 0.2 (0.1) –
Hallucinatory
behaviour

1.7 (0.8) 1.8 (1.1) 20.1 (0.3) –

Unusual thought
content

1.3 (0.9) 1.4 (0.8) 20.1 (0.1) –

BPRS, Brief Psychosis Rating Scale. *Adjusted for multiple comparisons using Hommel method.
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problem is inherent in crossover studies. In this study,
persistent donepezil effects during the placebo period in the
donepezil/placebo group would be expected to bias the results
toward the null hypothesis and thus underestimate the true
effect of donepezil. This concern is supported by the more
marked differences observed between placebo and donepezil
groups in the first period of the study (fig 2). While tests for
carryover were not significant, this test may be under-
powered because the carryover effect may be substantially
smaller than the treatment effect for which the study was
designed. Additionally, the carryover estimate was based on
individual baseline measurements rather than means of two
measurements as for the treatment effect. Thus, we cannot
rule out the possibility that carryover effects on the ADAScog
may still have played some role in reducing the observed
favourable trend of donepezil treatment as measured by this
scale. This problem was anticipated in the design of the trial,
and a 6 week washout (17 half lives) was used for this drug,
which has a 70 hour half life16 to ensure no pharmacokinetic
or pharmacoydnamic carryover. Additionally, the efficacy
analyses for the second period were based on visits 5 and 6,
which provided another 7 and 10 weeks for washout,
respectively.
Period effects, defined as different results depending upon

the period of the study, may also have affected the observed
result. Regardless of the treatment sequence (donepezil/
placebo or placebo/donepezil), there was a trend toward
better scores on the ADAScog with each of the visits
following each baseline (fig 2). This may reflect placebo
effects or, more likely, learning effects after repeat adminis-
trations of the test. Our secondary analysis, adjusting for both
sequence and period effects in a repeated measures model,
yields a nearly statistically significant result. The difference in
statistical significance from the primary analysis reflects the
reduced standard error from estimating period and sequence
effects, accounting for some of the variability in the results.
This suggests that these effects may have reduced the
precision in the estimate of the benefits of donepezil.
Parallel group studies eliminate concerns about carryover
and period by treatment interactions, but would require a
substantially larger sample size.33

This study examined the short term benefits of donepezil.
The short term effects of cholinesterase inhibitors in AD are
well established, but the long term effects and impact on
independence remain controversial. A recent longer term
clinical trial of donepezil in AD showed no benefit of
donepezil on time to institutionalisation, death, or costs of
care.34 These results may not translate directly to PD, because
of differences in the progression and severity of dementia,
and of differences in the relationship between cognitive and
motor impairment. It will, however, be important to examine
the impact of cholinesterase inhibitors in long term, practical
trials of PD.

CONCLUSIONS
Although this is a small study, it is the largest reported
randomised, blinded, placebo controlled clinical trial of a
cholinesterase inhibitor in PD and dementia. Subjects were
drawn from four centres, and the results are similar to those
observed in a previous study, suggesting that these results
may be generalisable. The results show that donepezil is well
tolerated in this population, does not worsen PD, and that
there is a place for donepezil in the treatment of PD
dementia, although results are likely to be modest. Certain
patient factors may predict greater responses to donepezil,
but this study was not powered to detect such relationships.
Dementia remains a largely untreated symptom in PD with
severe consequences. Other agents in this class as well as in
other classes, such as memantine, should be tested in PD
dementia. Future studies should also address both milder
and more severe forms of cognitive impairment in PD and
could examine the long term effects on activities of daily
living and independence.
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